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Background
Elastin plays an important role in life. It is the key component of the extracellular matrix
that helps tissues to resume their structure after stretching or contracting.[1]
Elastin is a biopolymer that is made from the precursor protein tropoelastin. Tropoelastin
proteins are encoded by the ELN gene.[2] Tropoelastin proteins are produced inside the cell by
expression, then they are transported to the cell surface by the elastin binding proteins.[3]
After the tropoelastin proteins are exported into the extracellular matrix, they can then go
through a synthetic process called coacervation to self-assemble into the complex structure
elastin. Coacervation happens when the tropoelastin aggregates at the physiological
temperature under the proper pH due to interactions between hydrophobic domains.
Pentagalloyl glucose (PGG) is a pentagallic acid ester of glucose driven from the
naturally occurring compound tannic acid.[4] The early experiment indicates that PGG could
affect tropoelastin coacervation kinetics.[5]
This set of experiments investigates the concentration and PGG effects of the
coacervation kinetics for three different types of polypeptide: Elastin ES12 (Elastin
Production

Company),

Alpha-Elastin

AE17

(Elastin

Production

Company),

and

Elastin-Opcein E154 (Elastin Production Company).[6]

Objective
The object of this experiment is to compare the coacervation kinetics for different
concentrations of tropoelastin proteins; compare the coacervation kinetics between the
process with PGG addition and without PGG addition.

Experimental Setup
This experiment uses standard 96-wall plates as the place for the coacervation process
and uses the microplate reader to record the light absorbance data that reflects the
coacervation kinetics through time. Each experiment takes 120 minutes and 121 records
(exactly 1 minute between each record).
Based on the product data, the environment used for ES12 coacervation is set to have the
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pH of 5.8 at the temperature of 37℃; the environment used for AE17 coacervation is set to
have the pH of 4.7 at the temperature of 37℃; the environment used for E154 coacervation is
set to have the pH of 8.8 at the temperature of 37℃.[6]
For ES12 and AE17 coacervation experiments, the acetic acid buffer was treated. During
the experimental setup, 100mL of the acetic acid buffer was made by the following recipe:[7]
[1] Prepare 80 mL deionized water (dH2O) in a container;
[2] Add 0.5772 g of sodium acetate into the solution;
[3] Add 0.1778 g of acetic acid into the solution;
[4] Adjust the solution to the desired pH by using 10N HCl;
[5] Add dH2O until the total volume reaches 100 mL.
For E154 coacervation experiments, the IPG Tris-HCl buffer was treated. During the
experimental setup, 25mL of the IPG Tris-HCl buffer was made by the following recipe:[8]
[1] Prepare 20 mL dH2O in a container;
[2] Add 4.550 g of Tris base to the solution;
[3] Add 0.1000 g of sodium dodecyl sulfate into the solution;
[4] Adjust the solution to the desired pH by using 4N HCl;
[5] Add dH2O until the volume reaches 25 mL.
The microplate reader can maintain the temperature at 37℃ over the entire experimental
process while recording the absorbance data.

Results & Discussions
Five different experiments were conducted: the ES12 concentration experiment, the
ES12 concentration & PGG experiment, the AE17 concentration & PGG experiment, the
E154 concentration & PGG experiment, and the frozen experiment.

1. ES12 Concentration Experiment
The purpose of this experiment is to investigate how different concentrations of the ES12
affect the ES12 coacervation kinetics.
Nine different ES12 solutions were made by diluting tropoelastin into the pH 5.8 acetic
-2-

acid buffer and 100 uL of each solution was loaded in three wells. The absorbance data at
440nm of 90 uM, 80 uM, 70 uM, 60 uM, 50 uM, 40 uM, 30 uM, 20 uM, and 10 uM ES12
solution at 37℃ was recorded by the microplate reader over two hours. The result of this
experiment is displayed in Figure 1.

Figure 1. ES12 Concentration Determination

The control curve indicates the buffer only. This result shows that the tropoelastin
coacervates and then stay at its peak absorbance. This result also indicates this peak
absorbance is precursor-concentration-dependent; the higher concentration of ES12 has the
higher peak absorbance and it takes a shorter time to reach the peak absorbance.

2. ES12 Concentration & PGG Experiment
In addition to the first experiment, this experiment attempts to investigate how the
addition of PGG affects the ES12 coacervation kinetics.
100 uL of 90 uM, 70 uM, 50 uM, and 10 uM ES12 solutions were made by diluting
tropoelastin into the pH 5.8 acetic acid buffer and were treated with various concentrations of
PGG. The PGG stock solution of 100 ug/ml was diluted to 10 ug/ml, 7 ug/ml, 4 ug/ml, 1
ug/ml and 0 ug/ml using the buffer. Each condition filled three wells in the plate,which was
recorded by the microplate reader over two hours.
The results of the 90 uM, 70 uM, 50 uM, 10 uM ES12 solutions with PGG, and the
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control are displayed in Figures 2-6.

Figure 2. 90um ES12 PGG Concentration Determination

Figure 3. 70um ES12 PGG Concentration Determination
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Figure 4. 50um ES12 PGG Concentration Determination

Figure 5. 10um ES12 PGG Concentration Determination
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Figure 6. ES12 PGG Concentration Determination Control

This set of results shows that the use of PGG could increase the ES12 tropoelastin
coacervation

peak

absorbance.

This

also

indicates

this

peak

absorbance

is

PGG-concentration-dependent; the higher concentration of PGG has the higher peak
absorbance and it takes a shorter time to reach the peak absorbance.

3. AE17 Concentration & PGG Experiment
A similar experiment as in 2 was conducted for the AE17 polypeptide. 100 uL of 90 uM,
70 uM, 50 uM, and 10 uM AE17 solutions were made by diluting tropoelastin into the pH 4.7
acetic acid buffer and were treated with various concentrations of PGG. The PGG stock
solution of 100 ug/ml was diluted to 10 ug/ml, 7 ug/ml, 4 ug/ml, 1 ug/ml and 0 ug/ml using
the buffer. Each condition filled three wells in the plate,which was recorded by the microplate
reader over two hours.
The results of the 90 uM, 70 uM, 50 uM, 10 uM AE17 solutions with PGG, and the
control are displayed in Figures 7-11.

Figure 7. 90um AE17 PGG Concentration Determination
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Figure 8. 70um AE17 PGG Concentration Determination

Figure 9. 50um AE17 PGG Concentration Determination
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Figure 10. 10um AE17 PGG Concentration Determination

Figure 11. AE17 PGG Concentration Determination Control

This set of results shows that the use of PGG could increase the AE17 tropoelastin
coacervation

peak

absorbance.

This

also

indicates

this

peak

absorbance

is

PGG-concentration-dependent; the higher concentration of PGG has the higher peak
absorbance and it takes a shorter time to reach the peak absorbance.

4. E154 Concentration & PGG Experiment
A similar experiment as in 2 was conducted for E154 polypeptide. 100 uL of 90 uM, 70
uM, 50 uM, and 10 uM E154 solutions were made by diluting tropoelastin into the pH 8.8
IPG Tris-HCl buffer and were treated with various concentrations of PGG. The PGG stock
solution of 100 ug/ml was diluted to 10 ug/ml, 7 ug/ml, 4 ug/ml, 1 ug/ml and 0 ug/ml using
-8-

the buffer. Each condition filled three wells in the plate, which was recorded by the
microplate reader over two hours.
The results of the 90 uM, 70 uM, 50 uM, 10 uM AE17 solutions with PGG, and the
control are displayed in Figures 12-16.

Figure 12. 90um E154 PGG Concentration Determination

Figure 13. 70um E154 PGG Concentration Determination
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Figure 14. 50um E154 PGG Concentration Determination

Figure 15. 10um E154 PGG Concentration Determination

Figure 16. E154 PGG Concentration Determination Control
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This set of results shows that the use of PGG could increase the E154 tropoelastin
coacervation

peak

absorbance.

This

also

indicates

this

peak

absorbance

is

PGG-concentration-dependent; the higher concentration of PGG has the higher peak
absorbance and it takes a shorter time to reach the peak absorbance.
By comparing experiment 2, 3, and 4, first, the E154 tropoelastin is not stable in terms of
data analysis; second, it can be seen that the tropoelastin coacervation peak absorbance is
both precursor-concentration-dependent and PGG-concentration-dependent. Therefore, the
3D surface graph is generated for ES12, AE17, and E154 peak absorbance as the function of
precursor and PGG concentrations. These results are generated by Prof. Wagenseil as shown
in Figures 17-19.

Figure 17. ES12 Peak Absorbance vs Precursor & PGG Concentration

Figure 18. AE17 Peak Absorbance vs Precursor & PGG Concentration
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Figure 19. E154 Peak Absorbance vs Precursor & PGG Concentration

5. The Frozen Experiment
After the first set of the AE17 coacervation experiments, prepare another set of
experimental AE17 elastin solutions and keep them in the fridge for 24 hours. Conduct
another coacervation experiment on the second day.
The coacervation experiments of the 90um and 70um AE17 solutions were conducted on
the second day. The result is shown in Figure 20.

Figure 20. AE17 Frozen Experiment
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This indicates that the frozen AE17 elastin solution would not undergo the coacervation
process; therefore, for future experiments, it can be more continent to prepare many elastin
solutions at one time; instead of making the fresh solution each time before the experiment.

Future Experiments
In the future, ES12 and AE17 can be more stable for coacervation experiments than E154.
Besides, it is not necessary to make fresh AE17 solutions every time. The frozen experiment
can be conducted on the ES12 polypeptide in the future.
Furthermore, it has been shown that both precursor concentration and PGG concentration
would affect the coacervation peak absorbance. Other factors, such as pH and temperature
that may impact the peak absorbance can be researched.
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